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1.Introduction 
Finding the comfortable temperature range is important in both increasing the human comfort level and reducing 
the energy consumption of the building. Brager et al [1] explain that achieving thermal monotony is highly energy 
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Abstract 
This study recommends the application of preferred temperature rather than neutral temperature in thermal comfort studies, 
particularly when focused on finding the range of comfort temperatures. Currently, neutral temperature is considered as comfort 
temperature of the occupants in thermal comfort research. This study challenged this view and questioned the use of neutral 
temperature in thermal comfort studies, standard comfort zone and thermal comfort standards. Field test studies of thermal comfort 
were carried out on about 5,000 respondents in three distinct workplace contexts: Japan, Norway and the UK. Thermal sensation, 
preference and environmental measurements were collected and analysed using the Griffiths method. Preferred and neutral 
temperatures were compared in these three contexts and differences were observed. Overall, this study suggests that thermal 
preference (TP) is more likely to be a more accurate measure in assessing thermal comfort and particularly the direct implication 
of it in the real world context (e.g. changing the room temperature) is more likely to result in occupant comfort. It suggests that a 
neutral thermal sensation does not guarantee thermal comfort of the occupant, as the occupant may want other sensations than 
neutral (e.g. the occupant still prefers a change although feeling neutral). It is essential to recognise that non-neutral thermal 
sensations are considered as thermal comfort for some occupants and to include this in future research as well as the direct 
implication in setting the room temperature and the energy performance of the building.  
 

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approximately 16 TWh energy can be saved across the UK. Considering the larger size of an office building, occupied 
hours (e.g. 08:00 to 18:00) and accordingly heating or cooling requirements; to maintain the correct room temperature 
is essential in order to avoid unnecessary energy consumption. Many studies aim to find the optimum (range of) 
temperature/s that occupants find comfortable. Their results are used to improve the thermal comfort standards, to 
produce the standard comfort zone and finally to be applied in the workplace in setting the room temperature. 
Considering this direct implication, thermal comfort standards as well as the research in the field carry a great burden 
to enhance the human experience and accordingly the energy consumption of the building. Thus, careful consideration 
is required to ensure the accuracy of the findings and accordingly their applications. The comfort temperature has 
been often interpreted as the neutral temperature. For example, Fanger [3] used thermal neutrality to assess thermal 
comfort in his work. Based on the neutral thermal sensation, the ASHRAE standard introduced the boundary of indoor 
climatic conditions claiming over 80% of occupants will find comfortable [4]. It goes so far as using 
thermoneutrality instead of thermal comfort [3, 5]. However, Humphreys and Hancock [6] questioned the 
application of neutral thermal sensation vote in 2007. Their work should have been a major turning point in thermal 
comfort research from the assumption of considering the neutral thermal sensation vote as thermal comfort of the 
occupant. Although other researchers, such as Shahzad [7], [8] and de Dear [9], also criticised the application of 
thermoneutrality; still majority of the research in the field aim to find the neutral temperature and use it as a measure 
to assess thermal comfort. In this study, the comparison between the preferred temperature and neutral temperature 
was applied with the aim to investigate the suitability of the two measures in assessing human thermal comfort. This 
investigation was applied in three separate contexts. 
2.Previous related work 
Zhang et al [10] state that the comfort literature tends to focus on neutral and optimal temperatures. Hawkes [11] 
definition of thermal comfort is the intermediate point, when neither cold nor hot. Although ASHRAE [12] defines 
thermal comfort as that condition of mind that expresses satisfaction with the thermal environment (which is not 
related to thermal neutrality), the ASHRAE Handbook [5] often uses thermal neutrality instead of thermal 
comfort. The predicted mean vote (PMV) model is most widely used in research, which is based on neutral thermal 
sensation vote [3]. Fanger [3] explains that it is especially the relationship around the neutral point which is of 
interest. More recently, Van Marken states that thermoneutral zone (TNZ) is defined by physiologists as the range 
of ambient temperature at which temperature regulation is achieved only by control of sensible (convective and 
radiative) heat loss, i.e. without regulatory changes in metabolic heat production (facultative thermogenesis) or 
evaporative heat loss (sweating) [13]. The ASHRAE thermal sensation vote (TSV in Table 1) [5] and neutral thermal 
sensation vote on this scale are the most commonly used methods to assess thermal comfort [7]. The direct application 
of thermal neutrality is in setting the thermal environment in buildings, such as in ventilation [14], building design 
[15] and personal comfort systems (e.g. fans) [16]. Oseland et al [17] criticised the ASHRAE thermal sensation scale, 
as it does not indicate thermal comfort. Fountain [18] showed occupants desire for non-neutral thermal sensations.  
 
Humphreys and Hancock [6] found that in 57% of the cases, occupants preferred a thermal sensation other than 
neutral. They found significant differences among the respondents in the thermal sensations they desired, 
confirming that some characteristically preferred to feel warmer than others. Overall, they established that if there 
is sufficient adaptive opportunity, people who feel slightly warm perhaps desire at that time to feel slightly warm, 
while people who feel slightly cool perhaps desire to feel slightly cool, and so on. They questioned the accuracy 
and application of the findings in the field of thermal comfort that are on the basis of the neutral thermal sensation 
[6]. In a Study, Wong and Khoo [21] compared the ASHRAE thermal sensation scale to the Bedford scale and they 
found that respondents with extreme thermal sensations (ASHRAE scale) reported as comfortable on the Bedford 
scale. They questioned the McIntyre thermal preference scale, which excludes the extremes of thermal sensation as 
comfortable. Han et al found that people in hot climates may prefer thermal state as slightly cool, while people in 
cold climates may use the words slightly warm to denote their thermal preference [22]. Humphreys and Hancock 
[6] stated that the need to ascertain more precisely the desired thermal sensation on the scale led researchers to 
supplement it with a scale of thermal preference, which asked people whether they would prefer to feel warmer or 
cooler, or whether they desired no change. In order to include other thermal sensations than neutral, other scales 
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were introduced. For example, based on the Bedford scale [19], Nicol and Humphreys [20] introduced a new scale, 
as presented in Table 1. However, neither Bedford nor Nicol and Humphreys scales include respondents who prefer 
the extreme conditions (e.g. hot or cold) or occupants, who do not want to feel neutral. Oseland and Humphreys [17] 
consider combining two scales into one as complicated in measuring thermal comfort. Nicol et al [23] recommend the 
application of two separate scales or double inquiry method, which is using thermal sensation vote and thermal 
preference scales. As mentioned above, the ASHRAE seven-point thermal sensation scale is the most common scale 
used for thermal sensation, as presented in table 1. However, various thermal preference scales are used and no 
emphasis seems to be given to any of them; for example, McIntyre three-point scale [24], Fox scale [25], and the 
ASHRAE seven-point scale [12]. Most studies use the McIntyre thermal preference scale and the ASHRAE thermal 
sensation scale [12]. However, the degree of cooler or warmer preference of the occupant is not clear in the McIntyre 
scale, as it only has three options, which influences the analysis of what occupants actually want [6]. In order to 
compare thermal preference and thermal sensation scales, it is useful to use the same interval scales. The ASHRAE 
thermal sensation and thermal preference have seven-point scale, which makes the comparison and analysis easier 
and therefore this combination is recommended [17, 18] and used by some researchers [26, 27]. Van Hoof [28] 
explains that thermoneutrality may not apply to a large number of occupants, as they may prefer non-neutral sensations 
and in some cases the extremes of the sensation (e.g. cold, cool, warm, or hot) [7]. Although some researchers consider 
non-neutral thermal sensations as the thermal comfort status of the occupant (e.g. [29-33]), still many studies consider 
neutral thermal sensation as occupants thermal comfort (e.g. [14, 34-39]). The Griffiths method is based on thermal 
neutrality [32], where the average sensitivity of the dataset Griffiths constant is applied to predict respondents 
neutral temperature [40]. The Griffiths constant is a presumed rate of change in building occupants thermal sensation 
with respect to indoor operative temperature, and it is used to extrapolate beyond the range of temperatures observed 
in the building to the point where neutrality might be expected to occur in the absence of any adaptation by the 
occupants, ceteris paribus [41]. Griffiths method is used in many studies, such as [42-45]. For example, Lan et al 
[46] investigated the neutral temperatures for sleeping respondents and developed a model to predict their thermal 
neutrality [47]. Ji et al [48] studied the adaptation of human body to changes of temperature from non-neutrality to 
neutrality, in which case 26°C was considered as the neutral temperature, while thermal preference was not recorded.  
Table 1. Thermal comfort scales 
Thermal sensation vote (TSV); ASHRAE seven point scale [5] 
1. Cold 2. Cool 3. Slightly cool 4. Neutral 5. Slightly warm 6. Warm 7. Hot 
Thermal preference (TP); ASHRAE seven point scale [5] 
1. Much warmer 2. Warmer 3. Slightly warmer 4. No change 5. Slightly cooler 3. Cooler 4. Much cooler 
Bedford scale [19] 
1. Much too cool 2. Too cool 3. Comfortably cool 4. Comfortable 5. Comfortably warm 6. Too warm 7.Much too warm 
Nicol and Humphreys scale [20] 
1. Much too cool 2. Too cool 3. Comfortably cool 4. Neutral 5. Comfortably warm 6. Too warm 7. Much too warm 
Thermal sensation scale (TSV) for Japan [44] 
1. Very cold 2. Cold 3. Slightly cold 4. Neutral 5. Slightly hot 6. Hot 7. Very Hot 
Thermal preference scale (TP) for Japan [44] 
1. Much warmer 2. A bit warmer 3. No change 4. A bit cooler 5. Much cooler   
3.Research methods 
This study investigated the accuracy of the application of neutral thermal sensation vote in measuring thermal 
comfort. Occupants are considered as thermally comfortable when they report having a neutral feeling regarding their 
surrounding thermal environment. This view is challenged in the study, as non-neutral thermal sensations are 
overlooked while occupants may have a preference for them. For example, even though the respondent feels neutral, 
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they prefer to feel warmer or cooler in order to feel comfortable. In order to challenge this view, thermal sensation 
vote and thermal preference were collected while thermal environmental measurements were recorded in three 
contexts of Japanese, Norwegian and British workplaces (Figure 1). Field studies of thermal comfort was applied in 
these workplaces collecting overall 4,973 datasets from the occupants of 15 office buildings (4,660 votes from 11 
Japanese offices, 172 votes from 2 Norwegian offices and 141 votes from 2 British offices). Mainly sedentary 
activities took place in the offices and when collecting the data, a balance of age and gender was considered. 
Quantitative regression analysis was applied, as it is the main method used in thermal comfort research [49]. In this 
study, the neutral temperature is calculated through Griffiths method [43, 50] using the following equation: 
Tn = Ti + (4  TSV) / a                   (1) 
Tc is comfort temperature by Griffiths method (°C), Ti is indoor air temperature and a is the rate of change of 
TSV with room temperature, replacing the regression coefficient: 0.50 [39, 49]. The equation means that in case the 
TSV of the respondent was not neutral, a change of 2°C is considered for every scale (e.g. in case TSV=slightly cool, 
while the room temperature reads 24°C, a room temperature of 26°C (=24+2°C) is considered as neutral temperature). 
 
 
Fig. 1. Office buildings in a. Japan; b. Norway; and c. UK 
4.Results and analysis 
Overall, 3,096 respondents preferred no change in the temperature (TP=no change) at the time of the study, out of 
which, 2,568 respondents had a neutral thermal sensation vote (TSV=neutral). This number was higher in the Japanese 
cases (i.e. 84%) compared to the Norwegian cases (i.e. 77%) and particularly the British cases (i.e. 64%). This suggests 
that the rest of the occupants preferred no change in the temperature, while feeling other sensations than neutral. For 
example, in the British cases 46% of the respondents preferred no change while experiencing a non-neutral thermal 
sensation. Figure 2 demonstrates the relationship between preferred temperature (i.e. only considering TP=no change) 
and neutral temperature (i.e. TSV=neutral/Griffiths neutral). The regression line is highlighted in colours (red in the 
Japanese case, blue in the Norwegian case and purple in the British case). As demonstrated, the regression line does 
not match the diagonal line (the solid black line showing equal preferred and neutral temperatures). This difference is 
more significant in the Norwegian and particularly the British cases. It suggests that the neutral temperature may be 
different from the preferred temperature (when TP = no change), suggesting the following equations for each country:  
Japan  Tp=0.769Tn+5.8 (n=2929, R
2
=0.70, S.E.=0.009, p<0.001)             (2) 
Norway Tp=0.441Tn+13.4 (n=103, R
2
=0.40, S.E.=0.054, p<0.001)             (3) 
UK  Tp=0.315Tn+16.5 (n=64, R
2
=0.31, S.E.=0.059, p<0.001)             (4) 
Tp: Preferred temperature (°C); n: Number of sample; R
2
: Coefficient of determination; S.E.: Standard error of the 
regression coefficient; p: Significance level of regression coefficient. The regression coefficient and coefficient of 
determination of the Japan data is much higher than the Norway and UK. These regression equations are used to 
estimate the preferred temperature by neutral temperature. For example, when the neutral temperature is 26°C, the 
preferred temperature of the occupant is 25.8°C, 24.9°C and 24.7°C in Japan, Norway and UK, respectively. This 
suggests that when the neutral temperature is high, a lower temperature is preferred compared to the predicted one 
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based on thermal neutrality. Also, when the neutral temperature is 22°C, the preferred temperature of the occupant is 
22.7°C, 23.1°C and 23.4°C in Japan, Norway and the UK respectively. This suggests that when neutral temperature 
is low, a higher room temperature is preferred, as compared to the assumption according to thermoneutrality.  
 
   
 
Fig 2. Relation between the no change prefer temperature and neutral temperature 
5.Discussion and conclusion 
This study recommends the application of preferred temperature rather than neutral temperature in thermal 
comfort studies, particularly when focused on finding the range of comfort temperatures. Currently, neutral 
temperature is used in most studies to investigate comfort temperature of the occupants, while thermal preference is 
hardly mentioned. This study challenged this view and questioned the use of neutral temperature in thermal comfort 
studies, thermal comfort standards and the standard comfort zone. The results indicated that the occupants preferred 
temperature is likely not to match their neutral temperature. Differences were observed between the three contexts 
(Japanese, Norwegian and British offices). In Japan, the gap between the preferred temperature and neutral 
temperature was closer, while this gap was greater in the Norwegian and particularly British offices. This suggests 
that in Japan, out of the respondents who preferred no change, 84% of them had a neutral thermal sensation. However, 
this number drops to 64% in the British context, indicating that 46% of the respondents, who preferred no change, 
were experiencing a non-neutral thermal sensation. This suggests that up to almost half of the occupants were 
comfortable not to feel neutral. This is in agreement with the findings of Humphreys and Hancock that people may 
not want to feel neutral [6]. This finding influences human thermal comfort, temperature settings and accordingly the 
energy requirements for heating and cooling in the built environment. For example, when a respondent has a non-
neutral thermal sensation vote, it is important to consider their thermal preference (TP) before making an assumption 
that they are uncomfortable, as they may be comfortable and do not want any changes in the temperature or the change 
they prefer may be in the other direction. For instance, in case the respondent has a cool thermal sensation vote (TSV 
= cool), according to Griffiths method in order to find the neutral temperature, 4°C increase in the temperature would 
be required to ensure their thermal comfort. In case this was in winter time, more energy would be required to warm 
up the room. However, when thermal preference of the occupant is considered, rather than the expected warmer 
preference, it may be slightly cooler, suggesting that although the respondent feels cool, they prefer even slightly 
cooler. Therefore, a decrease in the temperature would be required rather than the assumed 4°C increase in the 
temperature. This would save energy in the winter time when heating is required, as less heating would be required. 
Also, contextual differences in the gap between preferred and neutral temperatures are part of the findings in this 
study, which requires further investigation for the reason and also in other contexts. This study suggests that thermal 
preference (TP) is more likely a more accurate measure in assessing thermal comfort and particularly the direct 
implication of it in the real world context (e.g. changing the room temperature) is more likely to result in occupant 
comfort. It suggests that a neutral thermal sensation does not guarantee thermal comfort of the occupant, as the 
occupant may prefer other sensations than neutral (e.g. the occupant still prefers a change although feeling neutral). It 
is essential to recognise that non-neutral thermal sensations are considered as thermal comfort for some occupants and 
to include this in future research as well as the direct implication in setting the temperature and building energy use.  
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